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Abstract 
As a component of human cognition, executive function is a collection of processes such as attention, planning, and working 
memory which are related to managing one’s cognitive processes and behaviour. Closely aligned with goal setting, the executive 
function process of metacognition is important for effective learning and, further, relevant to the successful adoption of 
technologies which are prevalent today. This paper offers an exploration of some of the influences of metacognition on 
successful technology adoption with a focus on learning technologies and consideration for metacognitive skills development. 
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1. Introduction 
 Executive function is a component of human cognition which aids in regulating one’s cognitive processes and 
behaviours. Metacognition is one of the executive function processes and is particular relevant for learning. Closely 
related to goal setting, metacognition is important in the adoption of technology that is prevalent in many realms of 
life today. This inquiry involves an exploration of some of the influences of metacognition in technology adoption, 
with a focus on learning technologies and consideration for metacognitive skills development. Just as it is essential 
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2. Cognitive context and metacognitive components   
 Executive function is a collection of complex cognitive processes that assist in managing goal directed behaviour 
(Meltzer, 2007). These self regulating processes are important in successful learning. Research shows that various 
executive function processes are involved in the technology adoption that is common today. For example, Cole, 
Laurent, and Stocco (2013) assert that the executive process of cognitive flexibility is involved in the ability of the 
mind to rapidly reconfigure to perform new tasks from instructions, which is important in everyday tasks such as 
learning to use a new technology. Pass, Tuovinen, Tabbers, and Van Gerven (2003) considered how the integrative 
processes that are related to understanding new hypermedia involve the executive process of working memory.  
Metacognition is the executive function process through which students monitor, assess, and modify their own 
learning progress and can prompt students to improve their own learning (Bransford, Brown, & Cocking, 2000). 
Preceding and following cognition, and involving control of one’s cognitive processes, metacognition is the ability 
to reflect on mental processes, and determine their effectiveness (Cartwright, 2010), allowing adjustments to 
facilitate effective learning. Metacognition is not simply thinking about thinking as it also includes knowledge of, 
and regulation of, cognition (Garofalo & Lester, 1985). Metacognition is essential to successful learning.  Flavell 
(1979, 1981) defined metacognition as a combination of metacognitive knowledge and metacognitive experiences. 
Metacognitive knowledge includes three aspects. The person variable refers to the knowledge and beliefs one has 
about one’s own and others’ abilities as learners. For example, a student may believe that she is more proficient than 
her classmates at developing a blog. The task variable included knowledge of available information, resources, and 
task difficulty which guide one’s view of the possible goals of a cognitive undertaking. For example, a student can 
contemplate the likelihood of creating a blog given her access to the required blog management tools. The strategy 
variable relates to identifying goals, including the thought and action needed to accomplish the goals. The student 
may decide to create a blog for a class assignment and proceed to read about blog design to augment her current 
knowledge. While monitoring cognitive progress, strategies control one’s cognitive activities toward a goal. The 
student with a goal to improve her understanding may proceed with the strategy of reading more information.  
Metacognitive experiences (Flavell, 1979, 1981) relate to the subjective responses which provide feedback about 
aspects such as personal progress, expectations of task completion, and comprehension. For example, a student may 
feel that she is finding it difficult to comprehend some new information. Attaining goals relies on metacognitive 
knowledge and experiences, as a person who is having difficulty understanding some information may set a goal of 
reading more to better understand. Brown (1987) related this component with self regulation as it involves one’s 
monitoring of cognition and responses. Researchers today often agree that a major component of metacognition is 
self regulation (Barak, 2010). Flavell (1979) further clarified that “cognitive strategies are invoked to make 
cognitive progress, metacognitive strategies to monitor it” (p. 909). For example, after reading information about 
how to program a new iPod (a cognitive goal), a learner can ask herself questions to assess her knowledge of the 
new information (a metacognitive strategy) and further assess the accomplishment of that cognitive goal by 
proceeding to download music and evaluate how well she had comprehended the information. In considering the 
influences of metacognition in technology adoption, it is interesting to note that metacognition is essential to one’s 
ability to monitor and regulate learning successfully in different disciplines and learning situations (Veenman, 
Wilhelm, & Beishuizen, 2004). 
3. Metacognition and technology adoption  
 Technology adoption differs depending on factors such as the technology, the society, and the time involved 
(Rogers, 2003). The reasons for adoption a technology vary although they are commonly corralled into the 
categories of usefulness and ease of use as motivators of thought and behaviour in technology adoption models 
(Davis, 1989; Rogers, 2003). Connections between perceptions of technology usefulness and eventual adoption have 
been made (June, Yao, & Yu, 2005). The focus of this inquiry, however, is not on when or why but more on how, in 
considering the metacognition that is involved in technology adoption for insight into one’s process of effective 
technology learning. As metacognition is essential to successful learning, its involvement is important in 
understanding the complex process which Straub (2009) asserts facilitates successful technology adoption. As well, 
many types of technologies exist, in areas such as communication and the environment, and a few are included in 
this exploration, but the focus here is primarily on the processes and resources of educational technology (AECT, in 
Molenda & Januszewski, 2008) which are common in education today.   
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 With the goal to adopt a technology, which exists for various reasons (Zenobia & Weber, 2011), an individual 
proceeds to adopt the technology. As adopting a technology is closely related to learning a technology, success in 
technology adoption involves metacognition.  Successful adoption involves one’s metacognitive skills to plan, 
monitor, and evaluate one’s thinking and products toward achieving a goal (Schraw & Dennison, 1994). The 
metacognition which informs one’s technology adoption can also be considered as involved in declarative 
knowledge related to factual information and what, procedural knowledge related to how, and conditional 
knowledge related to when and why (Negretti & Kuteeva, 2011). Effective learners use many metacognitive skills 
and strategies (Joseph, 2010) when adopting a technology. Approaching online learning for the first time, adopting 
technology with a goal to complete a program effectively, requires considerable metacognition to be successful. In 
the initial stages alone, when a student prepares to take a course, she must recognise that various requirements must 
be in place, regulate her actions to ensure that they are, and monitor herself to determine the progress of her 
preparation. The learner must ensure that her tools meet the hardware and software requirement for the course, 
assessing and acting to correct deficits. She must assess her personal inventory of skills and abilities that are needed 
for the task, both in general and specific to the course, which are retrievable as prior knowledge from her long term 
memory (Willingham, 2009), such as reading, writing, and skills for computer use and Internet navigation. She must 
also realise, strategise, and act to ensure requirements that she currently lacks, such as knowledge and skills in 
online library access to support her efforts. Metacognition helps individuals to decide if they have the necessary 
knowledge and abilities for a cognitive goal, where to focus attention, and where to adjust efforts. For example, 
while employing a cognitive strategy of a keyword search, a student can use a metacognitive strategy to evaluate 
whether or not the keyword search is effective in gleaning the information needed. Metacognition includes 
considering the quality of the information and the source (Flavell, 1979) which are extremely important in deciding 
the value of unregulated online information. The student’s successful problem solving in preparing for her new 
online learning includes considering task complexity (Stahl, Pieschl, & Bromme, 2006), understanding what the 
goal achievement requires, assessing strengths and weaknesses, assessing the clarity of goals, revising if adjustments 
are needed, staying focussed, and managing time well (Flavell, 1979). Success also includes the student’s reflections 
to know how she is feeling about this new learning, and how confident she feels about her knowledge, her progress, 
and her ability to achieve her goal. The steps require one to think about one’s process, to monitor and revise 
progress toward successful goal attainment, involving self motivation, self regulation, and self reflection 
(Zimmerman, 2008). Considerable recent research investigates metacognitive processes as they relate to technology 
adoption. Gerhardt, Rode, and Peterson (2007) noted that goal orientation prompts strategy use and self motivation 
for achievement, which lead to beliefs that goals for adopting new technology are attainable thereby improving 
learning outcomes. Metacognitive processes such as planning, strategising, reflecting, and self regulating are needed 
for learning new knowledge and skills in computer based learning environments (Azevedo, 2005). Related to 
technology adoption, Mercer (2011) lists metacognitive and self regulatory skills among the characteristics of self 
directed language learners. Tabak and Nguyen (2013) examine factors which influence self regulation and 
technology adoption, finding that “self regulated learning is crucial in calibrating students in an online environment” 
(p. 124). Lai (2013) finds several factors which increase students’ regulation in self initiated adoption of learning 
technology, identifying attitudinal factors of particular importance. Martinez (2012) notes that learner centred blogs 
allow personal responsibility, developing students’ self awareness and reflection which contribute to their 
metacognition. Lai and Gu (2011) assert that self regulation skills relate closely to students’ self initiated adoption of 
technology for language learning outside class. Related to voluntary technology adoption outside the classroom, 
problem solving, decision making, reflection and other aspects of metacognition are involved in one’s choice 
whether or not to adopt a technology at all. To successfully adopt cloud technology to store files, Huxford (2012) 
instructs interested individuals to define reasons for use, write down the features that are required, work with a 
technology consultant to learn about the available services, and do one’s own research toward making decisions 
while considering advantages and disadvantages. These cognitive activities involve metacognitive skills as one 
determines objectives, evaluates current abilities and resources, plans to increase chances for achieving goals, and 
selectively focusses efforts toward achieving goals.  
 Reflection and decision making are among the metacognitive processes which are typically apparent in one’s 
decision to adopt a technology that is intended to be environmentally beneficial. This type of technology adoption is 
a unique case for self regulated learners. Metacognition informs more prosocial awareness and the greater chance 
that people will voluntarily adopt an environmental technology (Moran, 2009). Conversation planning that is related 
to problem solving, with one’s metacognition to perceive, interpret, evaluate, and cognitively act (Hayashi, 1999) is 
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involved through one’s interest in effectively communicating ideas regarding the adoption of a technology in a 
natural setting. Whether people are in a natural setting or a more formal, academic environment, metacognition is 
required for effective technology adoption.  
 Fundamental to one’s capacity to regulate one’s own thoughts, emotions, instincts, and actions (Posner & 
Rothbart, 2009), executive function processes are discreet but interrelated (Tang, Yang, Leve, & Harold, 2012). 
Perhaps the most interrelated process, commonly considered to be part of, or interchangeable with, metacognition, is 
self regulation. As the ability to control one’s own emotions and behaviour to achieve goals (Cartwright, 2010), self 
regulation is an important part of metacognition with aspects of planning, goal setting, and monitoring progress 
(Zimmerman, 1989, 2005). Ormond (2006) clarified that self regulated learners have goal related behaviours such as 
self-motivation, self evaluation of one’s efforts, and self reflection to assess the effectiveness of one’s learning 
strategies. These learners have higher goals and learn more effectively (Sandars & Homer, 2012). Self regulation is 
a part of effective leaning and thus part of successful technology adoption.    
 Self regulation relates closely with self efficacy (Schnoll & Zimmerman, 2001). As the confidence in one’s 
ability to perform a task, self efficacy is important for learning because it relates to one’s efforts to be successful 
(Bandura, 1997). Accordingly, when metacognitive skills are more effective, the chance to improve one’s success 
with a task increases. Further, when one has confidence in a task connected with technology adoption, the chances 
for success increase. An early study of technology adoption showed that students' self efficacy for using computers 
increased the chance of students using them (Ertmer, Evenback, Cennamo, & Lehman, 1994). More recently, Park 
(2009) found that students with self efficacy for e-learning possessed attributes which facilitated adoption to 
university e-learning. 
4. Developing metacognition 
 Metacognition is part of executive function which starts to develop in infancy (Carpenter, Nagell, & Tomasello, 
1998), is in “dynamic development in childhood” (Cox, 2007), relatively mature by age 12 (Davidson, Amso, 
Anderson, & Diamond, 2006), and further develops through late adolescence (Bunge & Zelazo, 2006). As cognitive 
processes that are managed by the prefrontal cortex regions of the brain, executive function, as Bialystok and Craik 
(2010) note, is “the most crucial cognitive achievement in early childhood” (p. 20), and developing these processes 
has benefits that are lifelong. Development of metacognition as an executive process is included in the lifetime 
benefits. Further, attention to effective metacognitive processes will help students to incorporate and fine tune 
valuable skills while eliminating regulating efforts that are ineffective. The brain is constantly reorganising 
(Kalbfleisch & Gillmarten, 2011). Kelly and Garavan (2005) showed that less cognitive activity is required as skills 
become more familiar, and that pruning of unnecessary neuronal connections occurs as one becomes familiar with a 
task. Willingham (2009) encourages practice to change cognitive function and asserts that continued practice can 
facilitate automaticity of skills, which then frees working memory for other cognitive tasks. As with other skills, the 
more practice one has in using metacognitive skills, the more automatic the metacognitive skills become. Students 
are then able to automatically regulate their cognitive efforts, while being able to lessen their cognitive load to 
manage other more demanding tasks. Automatic use allows students to use metacognition naturally. Thus, while 
sometimes considered to be only conscious and intentional, aspects of metacognition can also be unconscious 
(Kentridge and Heywood, 2000). Ormond (2006) also noted that broader use of the term metacognition 
encompasses both explicit and implicit knowledge. As well, Flavell (1979) noted that metacognition can become 
part of long term memory, for future intentional or unintentional retrieval. Explicit development of metacognitive 
skills is worthwhile. Educational approaches have evolved which purposefully promote the development of 
metacognitive skills, based on the knowledge that metacognitive skills can be taught (Joseph, 2010). Joseph 
highlights metacognitive development that includes: advice and encouragement, which causes students to think 
about their own learning; thinking strategies, including think-aloud mental modelling for problem solving while 
finding ways to meet challenges; reciprocal teaching activities, with steps to explore texts and think about 
comprehension strategies; discussions about thinking; continuous self assessment; questioning, so that students are 
involved in their learning and develop cognitive processes such as review and reflection, and; problem solving 
activities during which students learn to recognise what they know and don’t know as essential for becoming 
metacognitively aware. Metacognition typically develops during the development of other skills. Its development 
can readily be applied to efforts which are related to technology adoption. Improving with task specific ability 
(Bryce & Whitebread, 2012) and also transferrable to other learning, metacognitive skills can help with technology 
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adoption. For example, metacognitive skills can help novice learners to organise unfamiliar online information into 
hierarchies so that they can further process the information cognitively (Lin & Hu, 2003). Liu, Huang, Kinshuk, and 
Wen (2012) explore the development of metacognitive skills to help students regulate their keywords for effective 
internet searches using a tool to help students structure their efforts and avoid cognitive overload. Al-Samarraie, 
Teo, and Abbas (2013) note that students may not always have essential metacognitive processes to understand 
online learning content, losing attention and focus, and using ineffective strategies to represent learning content. 
They find that metacognition for e-learning is supported with tools to organise material in segments and assess 
comprehension, and confirm the importance of structured representation in effective learning. Related to adopting 
technology, developing knowledge and changing needs prompt the importance of learning new skills (Haplern, 
1998). Metacognitive experiences are typical in novel situation in which the steps require significant planning 
beforehand and evaluation afterwards (Flavell, 1979). Halpern (1998) further noted that with critical thinking, 
students monitor their thinking to assess their own goal achievement, and evaluate their efforts and the effectiveness 
of their decisions. All of these processes involve metacognition. Metacognition also has implications for the 
constructivist learning which technology adoption regularly invites through group work and collaboration with 
others. Kim, Park, Moore, and Varna (2013) assert that metacognition is personal, but it is determined not only by 
the individual, as it is also evoked by and functions at different levels during complex problem solving. This 
development in understanding metacognition is more fully “considering thinking about thinking at the individual 
level, the social level, and the environmental level” (p. 377). Metacognition can also help online learners to improve 
their own understanding of how they construct knowledge (Veenman, Prins, & Elshout, 2002). Technology itself 
can also be used to support the development of metacognition. Technology tools can help students to manage 
information in many different ways, improve their note taking, and organise themselves for better learning. One way 
to organise one’s thinking, and the subsequent thinking of that organisation, is mind mapping, through which 
students can develop visuals to clarify and augment their thinking in the process of improving self regulation 
(Orange, 2002). The use of technology is also advantageous as a metacognitive tool because it is commonly 
motivating for students, and it is readily available. Helping students to regulate their own knowledge, learning 
strategies, and responses, the executive function process of metacognition involves the ability to understand, control, 
monitor, and adjust one's own cognitive processes to facilitate learning (Romainville, 1994). The development of 
metacognitive skills to assist students in their efforts can benefit students throughout their lives. Metacognition is 
required for effective learning. As learning is a part of technology adoption, metacognition is essential in facilitating 
successful technology adoption which is intrinsically a part of learning today.  
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